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@  Annealing  process  for  a  thin-film  semiconductor  device. 

A  thin  film  semiconductor  device,  for  example  a 
transistor,  is  fabricated  by  depositing  layers  of  materials 
of  appropriate  electrical  characteristics  on  an  insulating 
substrate  (1).  To  manufacture  a  transistor,  firstly  an  in- 
sulating  base  layer  (2)  is  applied  which  is  then  followed 
by  a  gate  electrode  (3),  an  insulation  layer  (4)  and  a 
semiconductor  layer  (5).  Source  and  drain  electrodes  (6) 
and  (7)  are  then  applied  and  finally  a  protective  layer  (8) 
encapsulates  the  device.  In  order  to  improve  the  life  of 
the  device  it  is  annealed  firstly  in  a  reducing  atmosphere 
and  then  in  an  oxidising  atmosphere. 



This  i n v e n t i o n   r e l a t e s   to  methods  of  m a n u f a c t u r i n g  

semiconductor   dev ices .   It  has  a p p l i c a t i o n   in  the  manufacture   of  

th in   fi lm  t r a n s i s t o r s   as  well  as  other   semiconductor   d e v i c e s .  

A  th in   f i lm  t r a n s i s t o r   (or  TFT)  is  a  thin  e q u i v a l e n t   of  a 

MOSFET  (a  m e t a l - o x i d e - s i l i c o n   f i e l d - e f f e c t   t r a n s i s t o r ) .   It  is  a 

high  input  impedance  n o n - l i n e a r   device  which  is  use fu l   in  s w i t c h i n g  

a p p l i c a t i o n s .   As  with  c o n v e n t i o n a l   f i e l d - e f f e c t   t r a n s i s t o r s   i t  

has  source ,   d ra in   and  gate  e l e c t r o d e s .   For  an  n- type   enhancement  

device  with  a  p o s i t i v e   vo l t age   app l ied   to  the  gate  there  is  a  low 

impedance  between  the  source  and  drain  (the  'on'  s t a t e ) .   With 

the  gate  vo l t age   zero  there   is  a  high  impedance  between  the  s o u r c e  

and  d r a i n .  

It  has  been  suggested  that   such  a  device  would  be  use fu l   t o  

switch  f l a t   panel  matr ix   d i s p l a y s   where  each  c ros sove r   poin t   of  

the  matr ix  c o n s t i t u t e s   a  p i c t u r e   point   in  the  d i sp lay .   Such 

d i s p l a y s   may  employ  l i qu id   c r y s t a l ,   e l e c t r o l u m i n e s c e n t ,   o r  

e l e c t r o c h r o m i c   e lements .   These  va r ious   types  of  d i sp lay   would  b e -  

more  e f f e c t i v e   if  a  TFT  were  to  be  a s s o c i a t e d   with  each  p i c t u r e  

point   as  an  a c t i ve   switch  device  for  the  element.   Since  the  a r e a  
of  d e p o s i t i o n   is  only  l im i t ed   by  masking,  an  array  of  TFTs  can  be  

provided  over  the  same  dimensions  as  a  d i sp lay   panel  and  can  be 

i n t e g r a t e d   with  the  p a n e l .  

For  use  as  a  switch  in  a  matr ix  d i sp lay   a  TFT  should  be  

s t a b l e   when  opera ted   over  long  per iods   of  time,  should  have  a 

s u f f i c i e n t l y   low  impedance  when  turned  'on'  to  allow  charging  of  

each  p i c t u r e   point  during  the  pe rmi t t ed   address   time,  should  have  

a  s u f f i c i e n t l y   high  impedance  in  the  ' o f f '   s t a t e   to  prevent   decay 

of  the  charge  to  each  p i c t u r e   point   before   the  same element   i s  

r e a d d r e s s e d ,   and  should  have  a  s u f f i c i e n t l y   large  r a t i o   of  ' o n '  

cu r r en t   to  ' o f f '   c u r r e n t .   The  problems  a s s o c i a t e d   with  s t a b i l i t y  

are  f i r s t l y   that   there   is  a  slow  l o g a r i t h m i c   decay  of  drain  c u r r e n t  

when  the  device  is  opera ted   under  steady  gate  bias  and  s e c o n d l y  
there   is  an  i l l - d e f i n e d   i r r e v e r s i b l e   decay  caused  by  the  a t m o s p h e r e  



or  by  the  o v e r l a y i n g   layers   of  the  p i c t u r e   e lements .   In  p r a c t i c e  
the  r equ i red   value  of  'on'  c u r r e n t s   can  be  r e a d i l y   ob ta ined   but  i t  

is  d i f f i c u l t   to  achieve  a  s u f f i c i e n t l y   low  value  of  ' o f f '   c u r r e n t .  
It  is  an  ob jec t   of  the  p r e sen t   i n v e n t i o n   to  provide  a  

semiconductor   device  which  is  adequa te ly   s t ab l e   and  has  a  low 

value  of  ' o f f '   c u r r e n t .  

According  to  the  i n v e n t i o n   a  method  of  f a b r i c a t i n g   a  t h i n  

f i lm  semiconductor   device  comprises  the  s teps  of  d e p o s i t i n g   l a y e r s  
of  m a t e r i a l s   of  a p p r o p r i a t e   e l e c t r i c a l   c h a r a c t e r i s t i c s   on  an  

i n s u l a t i n g   s u b s t r a t e   to  form  such  a  device,   said  layers   i n c l u d i n g  

a  semiconductor   layer   and  an  i n s u l a t i n g   layer   p r o t e c t i n g   t h e  

semiconductor   l ayer ,   and  annea l ing   the  device  so  formed  in  an  

o x i d i s i n g   a t m o s p h e r e .  

P r e f e r a b l y   the  annea l ing   is  c a r r i e d   out  f i r s t l y   in  a 

reducing  a tmosphere  and  then  in  the  o x i d i s i n g   a t m o s p h e r e .  
In  c a r ry ing   out  the  i n v e n t i o n   the  p r o t e c t i v e   i n s u l a t i n g  

l aye r   should  have  low  e l e c t r i c a l   loss  and  not  be  porous  and  i t  

should  not  r eac t   with  the  semiconductor   l ayer   in  a  manner  which 

would  degrade  the  r equ i r ed   e l e c t r i c a l   p r o p e r t i e s .   A  s u i t a b l e  

m a t e r i a l   for  such  an  i n s u l a t i n g   layer   is  s i l i c a .  

In  order  that   the  i n v e n t i o n   may  be  more  fu l ly   u n d e r s t o o d  

r e f e r e n c e   w i l l   now  be  made  to  the  accompanying  drawings  i n  

which  Figure  1  and  Figure   2  i l l u s t r a t e   in  c r o s s - s e c t i o n  

a l t e r n a t i v e   embodiments  of  TFTs  manufac tured   in  accordance  w i t h  

the  i n v e n t i o n .  

Re fe r r i ng   now  to  Figure  1  a  TFT  is  f a b r i c a t e d   by  s e q u e n t i a l  

d e p o s i t i o n   through  metal  s t e n c i l   masks  of  a p p r o p r i a t e   m a t e r i a l s .  

An  i n s u l a t i n g   s u b s t r a t e   1  of  any  s u i t a b l e   m a t e r i a l ,   for  example 

a l u m i n o s i l i c a t e   glass  has  depos i t ed   on  i t   a  base  coat  2  of  s i l i c a  

of  t h i cknes s   100  nm  by  s p u t t e r i n g .   This  base  coat  2  acts   as  a 

smoothing  layer   and  p reven t s   d i f f u s i o n   of  contaminants   from  t h e  

s u b s t r a t e .  



A  gate  e l e c t r o d e   3  formed  of  aluminium  of  t h i c k n e s s   50  nm  i s  

then  evapora ted   through  an  a p p r o p r i a t e   mask.  An  i n s u l a t o r   layer   4 

of  s i l i c a   of  t h i ckness   100  nm  is  then  s p u t t e r e d   fol lowed  by  t h e  

e v a p o r a t i o n   of  a  semiconductor   layer   5  of  cadmium  su lph ide   to  a 

t h i c k n e s s   of  40  nm.  A  source  contac t   and  a  dra in   contac t   of  

chromium  are  then  evapora ted   onto  the  su r face   of  the  s e m i c o n d u c t o r  

l ayer   5  through  metal  masks  to  a  t h i c k n e s s   of  50  nm  and  a r e  

backed  up  by  evapo ra t i ng   aluminium  l ayers   of  120  nm  t h i cknes s   t o  

form  source  e l e c t r o d e   6  and  dra in   e l e c t r o d e   7.  F ina l ly   a  s i l i c a  

layer   8  of  encapsu lan t   is  then  s p u t t e r e d   over  the  top  su r face   of  

the  device  to  a  t h i cknes s   of  100  nm. 

The  s p u t t e r i n g   o p e r a t i o n s   are  c a r r i e d   out  by  rf  s p u t t e r i n g   i n  

a  95%  argon-5%  oxygen  mixture  and  the  e v a p o r a t i o n   o p e r a t i o n s   a r e  

c a r r i e d   out  by  r e s i s t i v e   h e a t i n g .  

Figure  2  shows  an  a l t e r n a t i v e   c o n s t r u c t i o n   of  a  TFT  having  a 
s u b s t r a t e   1  and  base  coat  2  s i m i l a r   to  the  s u b s t r a t e   and  base  c o a t  

of  Figure  1.  In  the  c o n s t r u c t i o n   of  Figure  2  a  source  e l e c t r o d e  

16  and  a  dra in   e l e c t r o d e   17  are  depos i t ed   d i r e c t l y  o n   base  coat  2 

and  a  semiconductor   layer   15  is  depos i t ed   between  these  e l e c t r o d e s .  

The  source  and  dra in   e l e c t r o d e s   and  the  semiconductor   layer   a r e  

then  covered  by  an  i n s u l a t i n g   layer   14  of  s i l i c a   which  i s  

depos i t ed   by  s p u t t e r i n g .   F ina l ly   a  gate  e l e c t r o d e   13  i s  

depos i t ed   on  to  the  su r face   of  semiconductor   layer   15  t h r o u g h  

metal  masks .  

In  the  c o n s t r u c t i o n   of  Figure  2  i t   w i l l   be  seen  t h a t  

i n s u l a t i n g   layer   14  acts   to  p r o t e c t   semiconductor   layer   15  in  a 

s i m i l a r   manner  to  the  encapsu lan t   layer   8  in  the  c o n s t r u c t i o n   o f  

Figure   1. 

While  only  one  TFT  is  shown  in  both  Figure  1  and  Figure  2  i t  

w i l l   be  a p p r e c i a t e d   that   any  number  of  TFTs  can  be  f a b r i c a t e d  

s i m u l t a n e o u s l y   to  cover  an  area  co r r e spond ing   to  a  d i sp lay   p a n e l .  
The  f a b r i c a t e d   device  or  array  of  devices   is  then  sub jec t   t o  

an  annea l ing   p rocess .   In  th is   process   the  array  is  annealed  f o r  

one  hour  in  a  reducing  a tmosphere.   Such  an  atmosphere  may 
comprise  a  mixture  of  hydrogen  and  an  i ne r t   gas.  The  purpose  of  



the  i n e r t   gas  is  to  reduce  the  c o n c e n t r a t i o n   of  hydrogen  to  be low 

an  exp los ive   l eve l .   A  s u i t a b l e   mixture   is  10%  hydrogen  and  90% 

n i t r o g e n   and  the  annea l ing   takes  place  at  a  t empera tu re   of  380°C. 

This  annea l ing   step  is  then  fol lowed  by  a  second  annea l ing   s t e p  
in  which  the  array  is  annealed  for  th ree   hours  in  an  a t m o s p h e r e  

of  pure  oxygen  at  380  C .  

The  t h i c k n e s s e s   of  the  l ayers   quoted  above  are  by  way  of  

example  only  and  may  be  va r i ed   as  cons ide red   s u i t a b l e .   The 

annea l ing   times  can  be  va r ied   depending  on  the  t h i c k n e s s   of  t h e  

semiconduc t ing   and  e n c a p s u l a t i n g   layer   and  for  t h i c k e r   l ayers   a  

longer   time  is  r e q u i r e d .   The  time  of  anneal  can  be  shor tened   by 

r a i s i n g   the  t e m p e r a t u r e .  

I t   is  be l i eved   tha t   the  e f f e c t   of  the  i n i t i a l   annea l ing   i n  

a  reducing  atmosphere  is  to  remove  damage  caused  by  the  s p u t t e r i n g  

process   and  promote  d i f f u s i o n .   The  e f f e c t   of  the  s u b s e q u e n t  

annea l ing   in  an  o x i d i s i n g   atmosphere  is  to  reduce  the  c a r r i e r  

c o n c e n t r a t i o n   of  the  semiconductor   l ayer .   It  may  be  p o s s i b l e   i n  

c e r t a i n   c i r cums tances   to  d i spense   with  the  i n i t i a l   step  of  

annea l ing   in  a  reducing  atmosphere  and  re ly   on  the  annea l ing   in  an  

o x i d i s i n g   a tmosphere.   In  such  cases  it   may  be  d e s i r a b l e   t o  

i n c r e a s e   the  annea l ing   time  to  in  excess  of  9  h o u r s .  

TFTs  made  in  accordance  with  the  above  s teps   have  been  shown 

to  have  decay  r a t e s   of  less   than  2.5%  per  decade  co r re spond ing   t o  

a  20%  change  in  dra in   cu r ren t   in  six  years  o f  c o n t i n u o u s   o p e r a t i o n .  

Fur thermore   in  a c c e l e r a t e d   ageing  t e s t s   the  on :of f   r a t i o   o f  

c u r r e n t s   remains  s u b s t a n t i a l l y   cons t an t   at  about  106  with  ' o f f '  

c u r r e n t s   of  less   than  6  x  1 0   amps. 

The  method  desc r ibed   above  can  be  used  for  TFTs  p r e p a r e d  

through  s t e n c i l   masks  or  by  p h o t o l i t h o g r a p h y   and  e tch ing   and 

a p p l i e s   to  a l l   s t r u c t u r a l   c o n f i g u r a t i o n s .   Thus  for  example  i n  

the  method  de sc r ibed   with  r e f e r e n c e   to  Figure   1  the  metal  l a y e r s  

6  and  7  may  be  depos i t ed   before   the  semiconductor   layer   5.  In  t h e  

method  desc r ibed   with  r e f e r e n c e   to  Figure  2  semiconductor   layer   15 

may  be  depos i t ed   be fore   metal  l ayers   16  and  17. 



The  method  can  be  app l i ed   to  matr ix  addressed  d i sp l ays   u s i n g  

for  example  l i qu id   c r y s t a l ,   e l e c t r o l u m i n e s c e n t   and  e l e c t r o c h r o m i c  

m a t e r i a l s   and  for  e l e c t r o p h o r e t i c   and  vacuum  f l u o r e s c e n t   d i s p l a y s .  

The  method  is  a p p l i c a b l e   to  other  i n s u l a t o r s   or  e n c a p s u l a n t s  

in  a d d i t i o n   to  the  s i l i c o n   dioxide  desc r ibed   above.  Metals  o t h e r  

than  aluminium  can  be  used  for  the  gate  e l e c t r o d e   and  the  s o u r c e  
and  dra in   e l e c t r o d e s   can  be  formed  of  metals  other  than  chromium 

and  aluminium.  The  anneal  process   can  be  used  for  i n s u l a t o r s   o r  

e n c a p s u l a n t s   depos i t ed   by  t echniques   other  than  s p u t t e r i n g ,  

e.g.  e l e c t r o n   beam  e v a p o r a t i o n .   The  method  desc r ibed   above  i s  

a p p l i c a b l e   to  other   thin  f i lm  ac t ive   devices ,   for  example  t o  

so l a r   c e l l s .  



1.  A  method  of  f a b r i c a t i n g   a  th in   f i lm  semiconductor   d e v i c e  

compris ing  the  s teps   of  d e p o s i t i n g   layers   of  m a t e r i a l s   of  

a p p r o p r i a t e   e l e c t r i c a l   c h a r a c t e r i s t i c s   on  an  i n s u l a t i n g   s u b s t r a t e  

to  form  such  a  device ,   said  l ayers   i n c l u d i n g   a  semiconductor   l a y e r  

and  an  i n s u l a t i n g   layer   p r o t e c t i n g   the  semiconductor   l a y e r ,  

c h a r a c t e r i s e d   in  that   the  device  so  formed  is  annealed  in  an  

o x i d i s i n g   a t m o s p h e r e .  

2.  The  method  according   to  Claim  1  c h a r a c t e r i s e d   in  that   t h e  

annea l ing   is  c a r r i e d   out  f i r s t l y   in  a  reducing  atmosphere  and  t h e n  

in  an  o x i d i s i n g   a t m o s p h e r e .  

3.  The  method  accord ing   to  Claim  2  c h a r a c t e r i s e d   in  that   t h e  

reduc ing   atmosphere  comprises  a  mixture  of  hydrogen  and  an  i n e r t  

g a s .  
4.  The  method  according   to  Claim  2  or  Claim  3  c h a r a c t e r i s e d   i n  

tha t   the  reducing  atmosphere  comprises  a  mixture   of  10%  h y d r o g e n  

and  90%  n i t r o g e n .  

5.  The  method  according   to  any one  of  Claims  2  to  4  c h a r a c t e r i s e d  

in  that   annea l ing   in  a  reducing  atmosphere  takes  place  a t  

approx imate ly   380°C. 

6.  The  method  according  to  any one  of  the  p receding   c l a i m s  

c h a r a c t e r i s e d   in  that   the  o x i d i s i n g   atmosphere  c o m p r i s e s  

s u b s t a n t i a l l y   pure  oxygen.  
7.  The  method  accord ing   to  any one  of  the  p reced ing   c l a i m s  

c h a r a c t e r i s e d   in  that   annea l ing   in  the  o x i d i s i n g   atmosphere  i s  

c a r r i e d   out  at  a  t empera tu re   of  approx imate ly   380°C. 

8.  The  method  according  to  any one  of  the  preceding   c l a i m s  

c h a r a c t e r i s e d   in  that   the  i n s u l a t i n g   layer   comprises  s i l i c a .  

9.  A  th in   fi lm  semiconductor   device  c h a r a c t e r i s e d   in  tha t   i t  

is  f a b r i c a t e d   in  accordance  with  the  method  as  claimed  in  a n y  o n e  
of  the  preceding   c l a i m s .  

10.  An  array  of  thin  f i lm  semiconductor   devices  c h a r a c t e r i s e d   i n  

tha t   they  are  a l l   f a b r i c a t e d   on  a  common  s u b s t r a t e   in  a c c o r d a n c e  

with  the  method  of  any one  of  p reced ing   Claims  1  to  8.  
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